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Abstract. We analyse the B → τν decay in a generic two-Higgs doublet model satisfying the MFV hy-
pothesis. In particular, we analyse under which conditions B(B → τν) can be substantially enhanced over
its SM value, taking into account the constraints of K → µν, B → Xsγ, and Bs → µ+µ−. We find
that for large tanβ values and Peccei-Quinn symmetry breaking terms of O(1/ tanβ) a sizable (∼ 50%)
enhancement of B(B → τν) is possible, even for mH ∼ 1 TeV.
PACS. 13.20.He 12.60.-i
1 Introduction
The leptonic decays B → `ν are particularly interesting
probes of the Higgs sector and, particularly, of the Yukawa
interaction. The τ channel is the only decay mode of this
type observed so far. The experimental world average [1],
B(B → τν)exp = (1.64± 0.34)× 10−4 , (1)
has to be compared with the SM prediction
B(B → τν)SM = G
2
FmBm
2
τ
8pi
(
1− m
2
τ
m2B
)2
f2B |Vub|2τB ,
(2)
whose uncertainty is mainly due to the determination of
|Vub| and fB . Using the best fit values of |Vub| from global
CKM fits, the UTfit [2] and CKMfitter [3] collaborations
quote
B(B → τν)SM = (0.79± 0.07)× 10−4 [UTfit] ,
B(B → τν)SM = (0.76 + 0.10− 0.06)× 10−4 [CKMfit] .
These low values correspond to a 2.5(2.8) σ deviation
from the experimental result in Eq. (1). Motivated by this
discrepancy, we analyse in this paper the predictions of
B → τν in models with an extended Higgs sector.
The helicity suppression in Eq. (2) is a manifestation
of the key role played by the Yukawa interaction in the
B → τν decay amplitude. For instance, in models with
two Higgs doublets coupled separately to up- and down-
type quarks (2HDM-II models), the B → τν amplitude re-
ceives an additional tree-level contribution from the heavy
charged-Higgs exchange, leading to [4]
B2HDM−II(B → τν)
BSM(B → τν) =
[
1− m
2
B tan
2 β
m2H
]2
,
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where tanβ = v2/v1 is the ratio of the two Higgs vacuum
expectation values and mH is the charged-Higgs boson
mass. For large tanβ values the ratio in (3) can be sub-
stantially different from one. However, within this simple
framework the interference sign of SM and non-standard
amplitudes is fixed. Taking into account the constraints
on mH from other processes, this sign implies a suppres-
sion of B(B → τν) in the 2HDM-II compared to the SM,
worsening the comparison with the experimental result in
Eq. (1). The sign of SM and non-SM contributions can
be varied in generic models with new sources of flavour-
symmetry breaking. However, in this case the problem is
how to justify the good agreement between SM predic-
tions and observations in most other flavour-violating ob-
servables.
A consistent assumption usually invoked to avoid large
deviations from the SM in flavour-violating processes is
the so-called Minimal Flavor Violation (MFV) hypothe-
sis [5] (see also [6–8]). According to this hypothesis, the
quark Yukawa couplings are the only sources of quark
flavour-symmetry breaking both within and beyond the
SM. As recently discussed in [9, 10], the MFV hypothesis
applied to two-Higgs doublet models not only provides a
sufficient protection of FCNCs in case of extra scalar de-
grees of freedom, it can also provide an explanation of the
existing tensions in ∆F = 2 observables. More explicitly,
it has been show that two-Higgs doublet models respect-
ing the MFV hypothesis with the inclusion of flavour-blind
CP-violating (CPV) phases (dubbed 2HDMMFV frame-
work), can accommodate a large CPV phase in Bs mixing
softening in a correlated manner the observed anomaly
in the relation between εK and SψKS [9]. In this work
we analyse under which conditions, within the 2HDMMFV
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framework, B(B → τν) can be enhanced over it SM pre-
diction.1
2 The 2HDMMFV framework
We consider a model with two Higgs fields, H1,2, with
opposite hypercharge (Y = ±1/2). The generic form of
the Yukawa interaction for such a Higgs sector is
− LgenY = Q¯LXd1DRH1 + Q¯LXu1URHc1
+ Q¯LXd2DRH
c
2 + Q¯LXu2URH2 + h.c. , (3)
where Hc1(2) = −iτ2H∗1(2). The two real vacuum expecta-
tion values (vevs) are defined as 〈H†1(2)H1(2)〉 = v21(2)/2,
with v2 = v21 + v
2
2 ≈ (246 GeV)2, and, as anticipated,
tanβ = v2/v1.
The Xi are 3 × 3 matrices in flavour space. The gen-
eral structure implied by the MFV hypothesis for these
matrices is a polynomial expansions in terms of the two
(left-handed) spurions YuY
†
u and YdY
†
d [5, 9]:
Xd1 ≡ Yd ,
Xd2 = 0Yd + 1YdY
†
d Yd + 2YuY
†
uYd + . . . ,
Xu2 ≡ Yu ,
Xu1 = 
′
0Yu + 
′
1YdY
†
d Yu + 
′
2YuY
†
uYu + . . . , (4)
where the 
(′)
i are complex parameters. We work under
the assumption 
(′)
i  1, as expected by an approximate
U(1)PQ symmetry that forbids non-vanishing Xu1,d2 at
the tree level, and we assume tanβ = tβ = sβ/cβ  1.
For simplicity, we also restrict the attention to terms with
at most three Yukawa couplings in this expansion (namely
we consider only the terms explicitly shown above) and
we assume real 
(′)
i since we are interested only in CP-
conserving observables. Finally, we assume negligible vi-
olations of the U(1)PQ symmetry in the lepton Yukawa
couplings.
After diagonalizing quark mass terms and rotating the
Higgs fields such that only one doublet has a non-vanishing
vev, the interaction of down-type quarks with the neutral
Higgs fields assumes the form
Ldn.c. = −
√
2
v
d¯LMddRφ
0
v −
1
sβ
d¯LZ
dλddRφ
0
H+h.c. , (5)
where φv (φH) is the linear combination of H1,2 with non-
vanishing (vanishing) vev 〈φ0v〉 = v/
√
2 (〈φ0H〉 = 0). The
flavour structure of the Zd couplings is
Zdij = a¯δij +
[
a0V
†λ2uV + a1V
†λ2uV ∆+ a2∆V
†λ2uV
]
ij
,
where V is the physical CKM matrix, ∆ ≡ diag(0, 0, 1),
λu,d are the diagonal Yukawa couplings in the limit of
1 Recent analyses of B → τν in different models with an
extended Higss sector can be found in Ref. [14–16].
unbroken U(1)PQ symmetry, and the ai are flavour-blind
coefficients (see [5, 9] for notations). Similarly, the inter-
action of the quarks with the physical charged Higgs is
described by the following flavour changing effective La-
grangian [5]
LH+ =
[
U¯LC
H+
R λdDR +
1
t2β
U¯RλuC
H+
L DL
]
H++h.c.,
(6)
where the flavour structure of CH
+
L,R is
CH
+
R = (b0V + b1V ∆+ b2∆V + b3∆) , (7)
CH
+
L = (b
′
0V + b
′
1V ∆+ b
′
2∆V + b
′
3∆) , (8)
and the b
(′)
i are flavour-blind coefficients. As explicitly
given in [5,9], the ai and b
(′)
i depend on the 
(′)
i , on tanβ,
and on the overall normalization of the Yukawa couplings.
Even if 
(′)
i  1, the ai and bi can reach values of O(1)
at large tanβ and can be complex, since we allow flavour-
blind phases in the model.
2.1 B(B → τν) and other observables
We present here the theoretical expressions of B(B →
τν) and a series of other flavour-violating observables,
necessary to set bounds on the parameter space, in the
2HDMMFV framework.
In order to simplify the notations, we absorb terms
proportional to the top and bottom Yukawa coupling into
the definition of 
(′)
1,2. More explicitly, we redefine 
(′)
1,2 as
follows:

(′)
1 y
2
b → (′)1 , (′)2 y2t → (′)2 . (9)
With such a notation, the bR → uL and sR → uL interac-
tions with the physical charged Higgs are
Lb,s→u = mb tanβ
v
Vub
1
1 + (0 + 1) tanβ
u¯LbRH
+
+
ms tanβ
v
Vus
1
1 + 0 tanβ
u¯LsRH
++h.c. (10)
This allows us to derive the following expression for the
modification of B(B → τν), relative to the SM, within
this framework:
RBτν =
B(B → τν)
BSM(B → τν)
=
[
1− m
2
B
m2H
tan2 β
1 + (0 + 1) tanβ
]2
, (11)
A closely related observable which provide a significant
constraint on the parameter space is B(K → µν). In this
case from (10) we find
RKµν =
B(K → µν)
BSM(K → µν)
=
[
1− m
2
K
m2H
tan2 β
1 + 0 tanβ
]2
. (12)
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Beside semileptonic charged currents, stringent con-
straints on the 2HDMMFV parameter space are provided
also by the flavour-changing neutral-current (FCNC) tran-
sitions B → Xsγ and Bs → µ+µ−. In principle, also
the Bs–B¯s mixing amplitude could be used to constrain
the parameter space of the model; however, as we will
discuss below, it turns out that Bs–B¯s constraints are
automatically satisfied after imposing the bounds from
Bs → µ+µ−. In order to implement these bounds, we
introduce the FCNC Hamiltonian
Lb→s = − GFαem
2
√
2pi sin2 θW
V ∗tbVts
∑
n
CnQn + h.c. , (13)
where
Q7 = e
g2
mb s¯σµν (1 + γ5) b Fµν , (14)
QµS = s¯ (1 + γ5) b µ¯ (1− γ5)µ , (15)
and the complete list of effective operators can be found
in [17]. Following Ref. [17], the experimental constraints
on B → Xsγ and Bs → µ+µ− can effectively be encoded
into constraints on C7 and C
µ
S . More precisely, we can
translate the experimental data into bounds on δC7 =
C7(M
2
W )−CSM7 (M2W ) and δCµS = CµS (M2W )−CµSMS (M2W ).
Working under the hypothesis that the only relevant
non-standard contributions are those associated to the
heavy Higgs fields, the dominant contributions to δC7 are
the one-loop contributions from both charged and neutral
Higgs exchange. Adopting to our notations the results of
Ref. [5] we have
δC7 =
1
D012
[
1 + (′0 + 
′
2) tanβ −
2
′
1 tan
2 β
D01
]
F7(x
2
tH)
− 2 tan
3 β
D2012D01
x2bH
36
(16)
where xqH = m
2
q/m
2
H ,
D012 = 1 + (0 + 1 + 2) tanβ ,
D01 = 1 + (0 + 1) tanβ , (17)
and F7(x) is defined as in [5].
The effective coupling ofQµS receives contributions from
the FCNC component of (5) already at the tree-level:
δCµS =
mbmµ
m2H
2pi sin2 θW
αem
2 tan
3 β
D01D012
. (18)
3 Phenomenological analysis
We are now ready to analyse the parameter space of the
model, searching for regions where B(B → τν) is en-
hanced over its SM prediction and the other low-energy
constraints are satisfied. Since the main observables used
in CKM fits receive tiny corrections from the extended
Higgs sector, we assume that the standard CKM determi-
nation remains valid.
The low-energy phenomenological constraints used in
our analysis are
RKµν ∈ (0.98, 1.02) ,
δC7 ∈ (−0.14, 0.06) ,
δCµS ∈ (−0.09, 0.09) . (19)
The first input follows from the analysis of semileptonic
K decays in [18] (see also [19]), while the range of δC7
and δCµS follows from the analysis of B → Xsγ and Bs →
µ+µ− performed in [17]. Moreover, since we are interested
in substantial enhancements of B(B → τν), we impose
RBτν > 1.2 . (20)
On the other hand, given the condition 
(′)
i  1 expected
from an approximate U(1)PQ symmetry, we will restrict
the free parameters of the model to vary in the following
interval:
tanβ ∈ (40, 60) ,
mH [GeV] ∈ (150, 1000) ,

(′)
i tanβ ∈ (−2, 2) . (21)
3.1 Analytical considerations
In principle the model has enough parameters that allow
us to to satisfy the three conditions in Eqs. (19) and, at
the same time, get the desired enhancement in B → τν,
provided we properly tunes the values of 
(′)
i ×tanβ. How-
ever, we are not interest in fine-tuned solutions. In partic-
ular, while it is natural setting to zero some of the 
(′)
i ,
which are symmetry breaking terms, we consider not nat-
ural fine-tuned solutions corresponding to large values of

(′)
i tanβ. In this perspective, taking into account the the-
oretical expressions for the observables presented in the
previous section, we find that:
i. Since δCµS ∝ 2, the bound from Bs → µ+µ− can
easily be satisfied assuming 2 ≈ 0. This “natural”
tuning (according to the discussion above) allow us
to decouple charged-Higgs and neutral-Higgs flavour-
changing amplitudes. Incidentally, this is why we do
not get additional significant constraints from Bs–B¯s
mixing.
ii. Contrary to Bs → µ+µ−, we cannot get rid of the
B → Xsγ bound without some amount of fine tuning.
In particular, setting 2 ≈ 0, the charged-Higgs con-
tribution to B → Xsγ vanishes completely only under
the fine-tuned condition
(′0 + 
′
2) tanβ = −1 . (22)
Before analysing how far from the fine-tuned condition
in Eq. (22) we can move, it is worth discussing the cor-
relation between B → τν and K → µν ignoring all other
constraints.
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In the case of K → µν, the Higgs-mediated amplitude
is always much smaller that the SM one. Imposing RKµν ∈
[0.98, 1.02] implies
|0 tanβ + 1| > 0.9× r (23)
where r = m2B tan
2 β/m2H . For the chosen range of tanβ
and mH we have 0.04 < r < 4.3. For small values of r the
above condition is very natural: we only exlude a narrow
region around the (unnatural) point 0 tanβ = −1. On
the other hand, for growing values of r we are pushed
toward a fine tuned configuration. We thus conclude that
the K → µν bound points toward small values of r.
Two solution are possible to generate an enhancement
of B(B → τν): a destructive interference of SM and char-
ged-Higgs amplitudes, if the latter is more than twice the
SM one in size; a constructive interference of SM and char-
ged-Higgs amplitudes, independently from the size of the
charged-Higgs amplitude. Requiring RBτν > 1.2 implies
−(1−0 tanβ) < 1 tanβ < −(1−0 tanβ)+0.5×r (24)
for the case of destructive interference, and
(1− 0 tanβ) < −1 tanβ < (1− 0 tanβ) + 10× r (25)
for the case of constructive interference. It is clear from the
above equations that the constructive case allow a larger
region of the parameter space. This is particularly true for
small values of r, as suggested by the K → µν bound. As
we will discuss in the following, this conclusion remains
true and is even reinforced once we take into account also
the B → Xsγ bound. Finally, a destructive interference
of scalar and SM amplitudes in b→ cτν, able to increase
B(B → τν), is strongly disfavored by B → Dτν data [11]
and the lower bounds on mH from direct searches at the
LHC (see discussion below).
We finally comment on previous analyses about the
possiblity to enhance B(B → τν) in 2HDMs. A general
analysis in the context of the Higgs sector of the minimal
supersymmetric extension of the SM (MSSM) has been
presented in Ref. [16]. In that framework the i are not
free parameters. As a result, their analysis is less general
than the one presented here, at least as Higgs-mediated
amplitudes are concerned. In particular, the constructive
interference solution, occurring for 1 + (0 + 1) tanβ < 0
has not been considered in Ref. [16]. The importance of the
latter has been pointed out first in Ref. [13]. However, in
the latter work the correlation with the other observables
we are considering has not been analyzed.
3.2 Numerical analysis
In order to analyze all the constraints at the same time,
trying to avoid fine-tuned configurations, we have ran-
domly generated values for the relevant 
(′)
i tanβ using
(uncorrelated) Gaussian distributions centered in zero –
corresponding to the limit of exact U(1)PQ symmetry–
and with σ = 0.5. The values of mH and tanβ are ex-
tracted with uniform distributions in the ranges specified
in Eq. (21).
Fig. 1. Allowed regions in the tanβ–mH plane. The grey
points correspond to regions of the parameter space that can be
reached only in the fine-tuned configuration where 2 = 0 and
′0,2 are fixed to satisfy the condition (22). The black contours
mark equally-populated areas resulting from the the global
sampling (without fine-tuned conditions): the three most in-
ner contours include 50% of the points.
The results of this numerical analysis are shown in
Fig. 1–4. In Fig. 1 and Fig. 2 we show the points satisfying
all constraints in Eqs. (19)–(20). To better quantify the
role of the B → Xsγ and Bs → µ+µ− bounds, we have
plotted with a different color (grey point) the region of
parameter space that can be reached only in the fine-tuned
configuration where 2 = 0 and 
′
0 and 
′
2 are fixed to
satisfy the condition (22). As can be seen from Fig. 1, in
general there is no significant constraint on mH and tanβ;
however, low values of mH can be obtained only in the in
the fine-tuned configuration.
At this point it is worth to comment on the bounds
in the mH–tanβ plane by direct searches for heavy Higgs
bosons at the LHC [12]. A direct implementation of these
constraints in our frameworks is not possible, given the
former are obtained in the limit limit 
(′)
i = 0. Still, it
is worth to note that in this limit direct searches set the
approximate bound mH >∼ 420 GeV+6×(tanβ−40) [12],
which does not represent a problem for most of the points
in Fig. 1. Only the fine-tuned (gray) points are potentially
affected by this constraint, which thus provide a further
argument against the tuned configuration with low mH .
In Fig. 2 we show the points satisfying all constraints in
the 0–1 plane. We also show the line 1+(0+1) tanβ =
0, separating the region of destructive interference (above
the line) and constructive interference (below the line) in
B → τν. As can be seen, the region of constructive inter-
ference is reached essentially only in the fine-tuned con-
figuration where 2 and 
′
0,2 are fixed to eliminate any
non-standard contribution to B → Xsγ and Bs → µ+µ−.
Indeed in this region we need large values of mH , that
would get in conflict with B → Xsγ and Bs → µ+µ− for
generic values of 2 and 
′
0,2. On the other hand, the region
of constructive interference is densely populated even in
absence of a fine-tuning on 2 and 
′
0,2. As anticipated in
the analytical discussion, the absence of points for 0 tanβ
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Fig. 2. Allowed regions in the 0–1 plane. Notations as in
Fig. 1.
close to -1 is a consequence of the K → µν bound. Last
but not least, we stress the absence of points near the
U(1)PQ symmetric point 0 = 1 = 0. This is a simple
consequence of combining the K → µν and B → µν con-
straints in Eqs. (23)–(25).
In Fig. 3 and 4 we show the correlation of RBτν with
the two most significant constraints, namely B(K → µν)
and δC7 (or B → Xsγ) (in these two figures we do not plot
with different colors the fine-tuned points). As can be seen
from Fig. 4, the interference between SM and charged-
Higgs amplitudes is necessarily destructive in B → Xsγ
(we recall that CSM7 < 0). On the other hand, both posi-
tive and negative interferences in K → µν are possible, de-
pending on the sign of 1+0 tanβ. As illustrated in Fig. 3,
if the maximal deviation from the SM in B(K → µν) could
be reduced to 1%, the parameter space leading to an en-
hancement of B(B → τν) would be strongly reduced. This
also implies that if the precision on B(K → µν) will im-
prove, there are realistic chances to see a deviation from
the SM in this mode within this framework. On the con-
trary, we have checked that for RBτν < 2 the deviations
from the SM predictions in B(B → Dτν) do not exceed
the 20% level, well within the present theoretical and ex-
perimental uncertainties [11].
As a final check of the stability of our findings, we have
performed scan of the parameter space allowing arbitrary
complex phases for the 
(′)
i . As expected, no significant
deviations in Fig. 1, 3 , and 4 has been observed. Fig. 2 is
unaffected provided we interpret it as the Re(0)–Re(1)
plane.
4 Discussion and Conclusions
Our analysis shows that is possible to accommodate siz-
able enhancements of B(B → τν) in the 2HDMMFV frame-
work, despite the tight constraints of other low-energy ob-
servables. This is clearly illustrated by the plots discussed
in the previous section. However, it must be stressed that
this enhancement occurs under a few specific circumstances:
i. At least some of the i tanβ must of order one, i.e. siz-
able deviations from the exact 2HDM-II limit, or from
Fig. 3. Allowed regions in the RBτν–RKµν plane.
Fig. 4. Allowed regions in the RBτν–δC7 plane.
the limit of unbroken U(1)PQ symmetry in the Yukawa
sector, are necessary. As shown in Fig. 2, almost no so-
lution survive for |i tanβ| < 0.5. This conclusion holds
independenlty of the simplifying assumptions on the i
adopted in the present analysis.
ii. If we assume i  1, as realised in several explicit
models where the U(1)PQ symmetry in the Yukawa
sector is broken only by radiative corrections, the need
for large i tanβ necessarily imply large tanβ values.
iii. In addition of being sizable, the U(1)PQ breaking terms
0 and 1 should conspire to suppress the combination
1 + (0 + 1) tanβ appearing in the denominator of the
B → τν amplitude. The more mH is large, the more
fine tuning on 1 + (0 + 1) tanβ is needed in order to
keep the charged-Higgs amplitude at the level of the
SM one.
iv. The most likely possibility to enhance B → τν, es-
pecially if mH is above 200 GeV, occurs in the case
of constructive interference between SM and charged
Higgs amplitudes in B → τν. This requires value of the
i which cannot be obtained in simplified MSSM sce-
narios, such as the one considered in Ref. [16], but can
be obtained in less standard supersymmetric frame-
works, such as the ”up-lifted” scenario considered in
Ref. [20].
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If the above conditions are satisfied, a large enhancement
of B(B → τν) is compatible with the existing constraints.
In absence of fine tuning, this implies non-negligible and
potentially visible deviations from the SM in B → Xsγ
and K → µν. The most interesting effects are expected in
B(K → µν), as illustrated in Fig. 3. To this purpose, we
stress that B(K → µν) is presently measured with a 0.27%
relative error [21]. If future lattice determinations of the
kaon form factors could allow us to reduce the theoretical
error on B(K → µν) at the same level, the B(B → τν)–
B(K → µν) correlation would provide a useful tool to test
this framework.
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